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Bullous pemphigoid is a subepidermal blistering disease associated with auto-antibodies (auto-ab) to BP180 and
BP230. We developed ELISAs utilizing baculovirus-encoded recombinant proteins of BP230 and BP180 and studied
their diagnostic and prognostic values by assessing the proﬁle of the auto-ab response in 127 patients with BP. 39
patients had focal involvement, whereas 88 had generalized disease; 51 individuals served as controls. The results
indicate: (1) BP180 IgG reactivity was associated with an overall sensitivity of 0.953 and speciﬁcity of 0.940; (2) 105
of 127 BP patients also displayed BP230 auto-reactivity, the global diagnostic performance of which, however, was
moderate compared to BP180-auto-reactivity (sensitivity 0.815 vs 0.953, speciﬁcity 0.648 vs 0.940); (3) 101 patients
(79.5%) had concordant BP180 and BP230 reactivity; (4) the association between the presence of BP230 auto-
reactivity and focal involvement was stronger than in generalized disease (odds ratio (OR) 17.7 vs 10.2),
independently from BP180 auto-ab proﬁle; (5) correlation of total IgG with IgG1 and IgG4 was variable for both
BP180 and BP230. Collectively, the global diagnostic properties of the BP180-ELISA outperform those of the
BP230-ELISA. Presence of BP230 auto-reactivity, however, supports the diagnosis of BP and might be indicative
for the extent of the disease.
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Bullous pemphigoid (BP) is an auto-immune blistering
disorder of the skin that usually affects the elderly. The
disease is associated with tissue-bound and circulating
auto-antibodies (auto-ab) directed against components of
the epidermal basement membrane zone (Jordon et al,
1967). Clinically, BP is characterized by generalized tense
subepidermal blisters arising on apparently normal or
erythematous skin and occasionally involvement of mucous
membranes (Lever, 1953). Previous studies have demon-
strated that BP auto-ab predominantly recognize BP180
(BPAG2 or type XVII collagen) and/or BP230 (BPAG1) (Labib
et al, 1986; Stanley et al, 1988; Giudice et al, 1992), two
structural components of hemidesmosomes, junctional
complexes promoting the adhesion of basal keratinocytes
to the underlying basement membrane zone (reviewed in
Borradori et al (1999)).
The cytoplasmic protein BP230, that was originally
identified as a target antigen of BP (Stanley et al, 1988) is
a cytoplasmic component of hemidesmosomes that be-
longs to the plakin family of cytolinkers (reviewed in Guo
et al (1995), Borradori et al (1999), Ruhrberg et al (1997)).
This protein is implicated in the linkage of the keratin
intermediate filament network to the basal cell side (Guo
et al, 1995; Ruhrberg et al, 1997; Borradori et al, 1999;
Koster et al, 2003).
The transmembrane protein BP180 has a large extra-
cellular domain (ECD) which consists of 15 interrupted
collagenous subdomains (Giudice et al, 1992; Hopkinson
et al, 1992). It serves as a cell-surface receptor, contributing
to the maintenance of dermo-epidermal cohesion by
binding most likely to the extracellular matrix component
laminin 5 (Giudice et al, 1992; Hopkinson et al, 1992;
Borradori et al, 1999; Nievers et al, 2000; Nishiyama et al,
2000). Furthermore, BP180 is probably involved in epider-
mal differentiation by shedding and facilitating detachment
of keratinocytes from the basal cell layer (Giudice et al,
1992; Hopkinson et al, 1992; Borradori et al, 1999; Nievers
et al, 2000; Nishiyama et al, 2000). Mutations of the BP180
gene (COL17A1) may cause a clinical variant of non-Herlitz
Abbreviations: auto-ab, autoantibodies; BP, bullous pemphigoid;
BP180ex, baculoprotein containing the ECD of BP180 (residue
485–1497); BP230-N, baculoprotein containing the NH2-terminus
of BP230 (residue 1–1307); BP230-C1, baculoprotein containing
the COOH-terminus (residue 1881–2649) of BP230; BP230-C2,
baculoprotein containing the COOH-terminus (residue 2077–2649)
of BP230; ECD, extracellular domain; GST, glutathione-S-transfer-
ase; IIF, indirect immunofluorescence; OD, optical density; OR,
odds ratio; ROC, receiver operating characteristics; RT, room
temperature
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junctional epidermolysis bullosa, a heritable disorder char-
acterized by skin fragility and blistering (McGrath et al,
1995; Pulkkinen et al, 1998).
The commonly accepted idea that auto-ab to BP180 are
critical in subepidermal blister formation in BP patients has
been supported by a passive murine transfer model, in
which rabbit antibodies raised against the murine homo-
logue of the human immunodominant region of BP180, the
NC16A domain, were able to reproduce all key features of
BP (Liu et al, 1993). Furthermore, serum levels of IgG auto-
ab directed against the ECD of BP180 were directly related
to the severity of BP (Haase et al, 1998; Schmidt et al, 2000)
or distinct clinical phenotypes of BP (Hofmann et al, 2002).
Auto-ab from patients with BP and gestational pemphi-
goid, a clinical variant occurring during pregnancy, have
been found to be predominantly directed against distinct
antigenic regions of the ECD of BP180: Specifically, the
NC16A subdomain, a region adjacent to the membrane
spanning domain of BP180, contains major epitopes
recognized by most sera from patients with BP and ges-
tational pemphigoid (Giudice et al, 1993; Matsumura et al,
1996). Preadsorption of patients’ IgG with recombinant
NC16A protein leads to almost complete abolishment of
BP180-specific serum reactivity (Zillikens et al, 1997b; Hata
et al, 2000; Lin et al, 2000). The COOH-terminal region of the
ECD of BP180 has been shown to be recognized by
approximately one-third of BP sera (Murakami et al, 1998;
Nakatani et al, 1998; Hofmann et al, 2002) as well as by sera
from a subset of patients with cicatricial pemphigoid (CP), a
related auto-immune bullous disorder characterized by a
scarring phenotype of the mucous membranes (Balding
et al, 1996; Bedane et al, 1997; Murakami et al, 1998; Nie
et al, 1999).
In contrast, the cytoplasmic BP230 as target for auto-ab
has been the focus of only few studies (Ishiko et al, 1993;
Savage et al, 1999; Seishima et al, 1999a, b; Skaria et al,
2000). Preliminary studies by Husz et al suggest that anti-
BP230 antibodies directly contribute to tissue damage
(Husz et al, 2002).
The purpose of this study was to investigate the
diagnostic properties of auto-ab against BP180 and
BP230 in BP serum samples utilizing newly established
ELISA assays with baculovirus-encoded recombinant pro-
teins and the relationship between auto-ab profiles and
distinct clinical variants of BP.
Results
Production of baculovirus-encoded BP180- and BP230
recombinant proteins Using baculovirus expression, rela-
tively large BP180- and BP230 recombinant proteins were
successfully produced and purified. After purification,
BP180- and BP230-like recombinant proteins displayed
the expected size and were specifically immunoreactive
using appropriate monoclonal antibodies directed at the
tags (data not shown) and specific antisera (see Figs 1
and 2).
IgG reactivity of BP sera against the ECD of BP180,
BP180ex, is highly diagnostic for BP in all clinical
variants Sera from BP patients and controls were tested
against recombinant BP180ex which was immobilized onto
ELISA microtiter plates. The BP180ex recombinant protein
used for ELISA preparation presumably possessed a
conformation which allowed specific detection of BP180-
specific auto-ab and thus perhaps similar to the native ECD
of BP180 (Fig 3). This notion is supported by the fact that
BP180ex reactive sera were also reactive to BP180ex-virus-
infected insect cells, but not the appropriate controls, e.g.,
wild-type-virus/vector-infected insect cells did not react
with BP180-reactive serum and irrelevant control serum did
not react with BP180ex-infected insect cells (Fig 2C). Based
on the maximization of the Youden index, the cut-off point
for the ELISA with BP180ex protein was set at 0.207 OD
units which corresponds to a Youden index of 0.893 (Table
I). The diagnostic accuracy of this assay was high regarding
both sensitivity and specificity (Tables I and II). The
distribution of IgG levels (OD’s) in the two clinical variants
and the controls, respectively, is shown in Fig 3. The
difference between ‘‘generalized’’ versus ‘‘focal’’ involve-
ment was significant, indicating that higher levels of BP180-
specific IgG are correlated to the severity of the clinical
variant.
IgG reactivity of BP sera against BP230 Further char-
acterization of the BP sera was performed utilizing BP230
recombinant proteins. Similar to BP180ex, recombinant
BP230 proteins were recognized both, as native proteins
expressed by baculovirus-infected insect cells and after
purification under denaturing conditions in immobilized form
(Fig 2B, C). Again, the cutpoints for the ELISA with BP230-
C1, BP230-C2, and BP230-N proteins were determined by
maximization of the Youden indices and corresponding
ROC curves were generated (Fig 4, Table I).
Among clinical variants, BP230 reactivity is strongly
associated with focal BP The results of the polytomous
logistic regression analysis confirmed the highly significant
association between the diagnosis of BP (both clinical
variants) and positive BP180 reactivity. Independently from
this, IgG reactivity to BP230 was significantly associated
with the outcome, in particular with ‘‘focal BP’’ (Table III,
Fig 5). In the multifactorial analysis (polytomous logistic
regression) adjusted for BP 180 reactivity and age, IgG
reactivity to BP230 was significantly associated with the
outcome ‘‘focal BP’’ (OR 17.7, 95% CI: 2.7–116.0) and, to a
lesser extent, with the outcome ‘‘generalized BP’’ (OR 10.2,
95% CI: 1.7–60.7).
Diagnostic properties of BP180 and BP230 IgG reactivi-
ty A comparison between ‘‘positive’’ seroreactivity towards
BP180 and BP230, as defined above, is shown in Table II.
Discordance is fairly symmetric (p¼ 0.64, exact McNemar
test). Concordance between the two diagnostic classifica-
tions as quantified with Cohen’s kappa coefficient is
moderate: k¼0.45 (95% CI: 0.31–0.59). Diagnostic proper-
ties of ‘‘BP230 seropositivity’’; regarding both sensitivity and
specificity were less favorable than BP180 IgG reactivity
(Table II). Table III describes the joint distribution of BP180
and BP230 reactivity within the clinical variants.
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BP230 domains and clinical variants BP230 reactive BP
sera recognize epitopes within the COOH- and NH2-
terminal regions (BP230-C1, BP230-C2, and BP230-N)
without significant differences between the two clinical
variants (after adjustment for multiple testing) (Fig 5).
Relationship of IgG subtypes within clinical variants
against BP230 and BP180 In addition to total BP230 and
BP180 IgG, the major auto-ab subtypes (IgG1 and IgG4)
were analyzed. Thus, it appeared that in active BP, IgG4 was
the predominant IgG subtype reactive with the COOH-
Figure 1
Bullous pemphigoid (BP)230 recombinant proteins utilized in this ELISA study. (A) BP230 is an intracellular hemidesmosomal component which
consists of a central rod flanked by globular end domains. (B) The recombinant BP230 fusion proteins are 6xHis- and glutathione-S-transferase
(GST) tagged at their NH2 terminus. Two COOH-terminal constructs (BP230-C1, containing residues 1881–2649 and BP230-C2, residues 2077–
2649) and one NH2-terminal construct (BP230-N, residues 1–1307) were expressed. The purified BP230 recombinant proteins were transferred to
nitrocellulose membranes and Coomassie stained. (C) SF21 insect cells infected with recombinant BP230 baculovirus for 3 d were recognized by a
representative BP serum.
Figure 2
Bullous pemphigoid (BP)180 recombinant protein utilized in this ELISA study. (A) BP180 is a type II transmembrane protein containing an
intracellular, a transmembrane, and an extracellular domain with 15 interrupted collagenous regions. (B) The recombinant fusion protein BP180ex is
6xHis- and glutathione-S-transferase (GST)-tagged at its NH2 end (residues 485–1497). The purified BP180ex protein was transferred to
nitrocellulose membranes and Coomassie stained. (C) SF21 insect cells infected with BP180ex baculovirus for 3 d were recognized by a
representative BP serum.
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terminus, but not the NH2-terminus of BP230 (Fig 6A–C).
Regarding the IgG subtype reactivity against BP180
(BP180ex), IgG1 and IgG4 were nearly equally distributed
(Fig 6D).
Correlation between COOH- and NH2-terminal con-
structs of BP IgG reactivity to the overlapping COOH-
terminal BP230 constructs, BP230-C1 and BP230-C2,
revealed a high correlation (0.94, po0.0001 unadjusted,
BP230-C1 vs BP230-C2). When IgG reactivity against NH2-
terminal versus COOH-terminal BP230-like recombinant
proteins was plotted, correlation was only moderate
(r¼0.43, po0.0001, unadjusted). This indicates that re-
levant epitopes are distributed over both globular domains
of BP230; however, relevant BP230 epitopes of the COOH-
terminus are harbored in BP230-C2 (residues 2077–2649).
Discussion
The aim of this study was to analyze the relationship
between IgG auto-ab directed against the intracellular
BP230 and the transmembranous BP180 proteins, the
major auto-antigens of BP, as diagnostic markers in BP.
For this purpose, we developed novel ELISA assays utilizing
four recombinant eukaryotic proteins encompassing im-
munodominant regions of BP230 (BP230-C1, BP230-C2,
BP230-N) and BP180 (BP180ex), respectively.
The results demonstrate a highly diagnostic BP180
ELISA utilizing the entire ECD of BP180 which detected
BP180 as a specific auto-ab in the majority of the patients’
sera. Throughout both clinical variants (focal vs generalized
BP), BP180 reactivity was highly associated with the
diagnosis of BP. In contrast, BP230-specific IgG was also
detected in the majority of the BP sera, although less
frequently than BP180-specific IgG and was associated
with a less severe clinical variant of BP.
At present, it is unclear whether BP230 auto-ab reactivity
is part of the disease initiation and directly contributes to
blister formation or whether these auto-ab represent an
epiphenomenon. A serological approach towards elucida-
tion of the potential functional role of BP230 auto-ab was
the thorough analysis of auto-ab profiles in BP patients.
Although in terms of diagnostic power, BP230-specific IgG
was outperformed by anti-BP180 IgG, the majority of our
patients also showed BP230 reactivity, particularly those
with focal BP. Thus, valuable diagnostic information was
obtained by the present novel BP230 ELISA in addition to
the already established BP180 ELISA.
ELISA systems detecting auto-ab specific for defined
regions of the ECD of BP180 utilized mainly prokaryotic
BP180-like recombinant proteins (Giudice et al, 1994;
Zillikens et al, 1997a; Nakatani et al, 1998). Zillikens et al
detected IgG reactivity against the NC16A domain of BP180
in 94% of 50 BP sera (Zillikens et al, 1997a). Another ELISA
utilizing bacterial recombinant proteins demonstrated the
presence of IgG auto-ab against the NC16A subdomain and
the COOH-extremity of BP180 in 96% and 38% of the BP
sera, respectively (Nakatani et al, 1998). A recent study from
our laboratory with eukaryotic BP180-like recombinant
proteins demonstrated that auto-ab against the NH2-
terminus of the BP180 ectodomain were associated with a
more extensive phenotype of BP while auto-ab against the
COOH-terminus of BP180 were not (Hofmann et al, 2002).
Consistent with previous passive transfer studies with
rabbit sera reactive with the murine homologue of the
Figure3
IgG reactivity against the extracellular
domain of bullous pemphigoid (BP)180ex
is highly indicative for BP. BP patient
and control serum samples were tested
by ELISA using recombinant BP180ex.
Sera of patients with BP (n¼ 127) and of
51 controls were incubated with 0.5 mg of
immobilized BP180ex protein. IgG binding
was detected with an alkaline-phospha-
tase-labeled anti-human IgG ab. Samples
were run in duplicate and mean outer
diameter reading at 405 nm of a serum
sample with BP230 recombinants. Data
are displayed as box plots: The box
shows first and third quartiles, the median
(as line), and the arithmetic mean (as dot),
the whiskers represent values below the
first quartile and above the third quartile
within the 1.5-fold inter-quartile range,
respectively, and outliers beyond the
whiskers are shown as squares. The
dotted lines indicate the cut-off values
as evaluated by maximization of Youden
index. The inset visualizes the corre-
sponding receiver operating characteristic
curve. There was a highly significant
difference between clinical variants and
controls as well as between ‘‘generalized’’
and ‘‘focal’’ BP.
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NC16A domain (Liu et al, 1993), our findings further support
the notion that auto-ab against the ECD of BP180 are
pathogenic. Recent studies from our group and others with
prokaryotic and eukaryotic BP180 recombinant proteins
also suggested a possible relationship between disease
activity and auto-ab levels against the BP180 ectodomain
(Haase et al, 1998; Dopp et al, 2000; Schmidt et al, 2000;
Hofmann et al, 2002). In line with the latter, here we also
found a significant difference of BP180 auto-ab levels
between generalized and focal involvement (Hofmann et al,
2002).
A recent serological study showed that auto-ab against
BP230 were mainly directed against the B -the linker, and C
subdomains of the COOH-terminus of BP230 (Skaria et al,
2000). This analysis, which is an extensive serological study
utilizing an ELISA system with baculovirus-derived eukar-
yotic BP230 recombinant proteins, confirms these findings
showing that both, NH2- and COOH-terminus of BP230 are
major immunodominant regions targeted by IgG auto-ab in
BP. Several observations support the hypothesis that
BP230-specific auto-ab are relevant for the pathogenesis
of BP and not just an epiphenomenon: (1) Immunization of
rabbits with BP230-derived peptides appeared to increase
the local inflammatory response following epidermal da-
mage (Hall et al, 1993); (2) BP230-specific auto-ab were
readily detectable in the majority of patients even even after
a relatively short disease duration (1.5 mo); (3) preliminary
results by Husz et al, indicate that BP230 is relevant for
pathogenesis of BP: Immunization of rabbits with human
BP230 fragments yielded high-titer BP230-specific poly-
clonal rabbit serum which, after subcutaneous injection into
neonatal mice induced an inflammatory response and skin
fragility. Immunohistological analysis revealed IgG deposi-
tion along the basement membrane zone, few animals even
Table I. Cutpoints (outer diameter (OD) values with maximum corresponding Youden Index (YI)a with sensitivity and speciﬁcity,
including exact 95% conﬁdence intervals (CIs))
Cutpoint Yia Sensitivity Speciﬁcity
BP230-C1 Total IgG 40.229 0.575 0.654 0.922
(0.564–0.736) (0.811–0.978)
IgG1 40.131 0.769 0.984 0.784
(0.944–0.998) (0.647–0.887)
IgG4 40.104 0.765 1.00 0.765
(0.977–1.00) (0.625–0.872)
BP230-C2 Total IgG 40.197 0.469 0.685 0. 784
(0.597–0.765) (0.647–0.887)
IgG1 40.126 0.796 0.992 0.804
(0.957–0.999) (0.669–0.902)
IgG4 40.173 0.831 0.890 0.941
(0.822–0.938) (0.838–0.988)
BP230-N Total IgG 40.170 0.568 0.724 0.843
(0.638–0.800) (0.714–0.930)
IgG1 40.106 0.757 0.992 0.765
(0.957–0.999) (0.625–0.872)
IgG4 40.089 0.737 0.992 0.745
(0.957–0.999) (0.604–0.857)
BP180ex Total IgG 40.207 0.893 0.953 0.940
(0.900–0.983) (0.835–0.988)
IgG1 40.122 0.838 0.898 0.940
(0.831–0.944) (0.835–0.988)
IgG4 40.081 0.760 1.00 0.760
(0.977–1.00) (0.618–0.869)
aBP, bullous pemphigoid; Youden index (sensitivityþ specificity1).
Table II. Concordance between IgG reactivity against bullous
pemphigoid (BP)180 and BP230, and global diagnostic
properties of BP230 IgG reactivity
BP230a
TotalPos. Neg.
BP180b Pos. 101 23 124
Neg. 19 35 54
Pos. Neg.
BP Yes 105 22 127
No 15 36 51
a‘‘Pos.’’: either BP230-C1-, BP230-C2- or BP230-N-reactive IgG above
cutpoint.
bUsing BP180 as an alternative gold standard’’, i.e. case definition
criterion:
Sensitivity of BP230: 0.815 (95% CI: 0.735–0.879);
Specificity of BP230: 0.648 (95% CI: 0.506–0.773).
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developed subcutaneous blisters (Husz et al, 2002). In
addition to participating to the inflammatory reaction, auto-
ab to BP230 may interfere with the function of BP230 and
its molecular interactions with the other components of the
hemidesmosomal adhesion complex. Further evidence that
functional BP230 is essential for skin stability comes from
BP230-null mutant mice which exhibit an increased;
however, intraepidermal skin fragility due to the lack of the
inner hemidesmosomal plate (Guo et al, 1995).
Since the various IgG subclasses have distinct functional
properties and their secretion is differentially regulated, we
have also assessed the relative isotype distribution among
the major IgG subclasses specific for both BP180 and
BP230, most studies reported a preferential detection of
IgG1 and IgG4 auto-ab against BP180, while BP180-specific
IgG2 and IgG3 auto-ab were detected in few BP serum
samples only (Bernard et al, 1990; Dopp et al, 2000; Laffitte
et al, 2001). In this study, BP180-reactive IgG1 and IgG4
auto-ab were almost equally distributed in the studied
patient cohort. A recent study from our laboratory, however,
indicated that IgG1 auto-ab against the immunodominant
NH2-terminal ECD of BP180 were predominant in acute
onset BP, while IgG4 auto-ab predominated in remittent BP
(Hofmann et al, 2002). Noteworthy, a dual IgG1 and IgG4
response against the NH2-terminus of the ECD of BP180
was associated with a more severe skin involvement in BP
(Hofmann et al, 2002). Two additional previous studies
reported a predominance of BP180-specific IgG1 (Bernard
et al, 1990; Laffitte et al, 2001), while another study
detected more BP180-specific IgG4 than IgG1 (Dopp et al,
2000).
In this study, IgG reactivity against BP230 was mediated
both by IgG1 and IgG4 auto-ab. There was no significant
difference of the IgG1 and IgG4 titers with regard to their
specificity for distinct BP230 regions, i.e., NH2-terminus
(BP230-N) or COOH-terminus (BP230-C1/C2). Noteworthy,
IgG4 but not IgG1 auto-ab against the C-terminus of BP230
were particularly elevated in the sera of BP patients with
focal BP. In a previous study, auto-ab binding to the
immunodominant COOH-terminal region of BP230 predo-
minantly belonged to the IgG4 and IgG1 subclasses (Skaria
et al, 2000) while a serological study by Bernard et al
showed also a predominant IgG4 restriction of anti-BP230
auto-ab (Bernard et al, 1990).
The concept that, in addition to IgG4, complement-fixing
IgG1 plays a key role in the initiation of BP is supported by
the clinical finding that, in addition to IgG, perilesional C3 is
in most cases detectable at the basement membrane in BP
patients (Jordon et al, 1967). In summary, the present novel
ELISA assays utilizing eukaryotic recombinant proteins of
the NH2- and COOH-terminal regions of BP230 and the
entire BP180 ectodomain are highly useful for rapid and
sensitive analysis of the auto-ab profile, which reflects
disease activity of BP. In this investigation, auto-ab against
the BP180 ectodomain were highly diagnostic for BP and
their titers were correlated with the severity of BP. Auto-ab
against BP230 were also found in the majority of the BP
serum samples, and thus are of confirmatory diagnostic
value. Noteworthy, the presence of anti-BP230 IgG auto-ab
was particularly associated with a less severe clinical
manifestation of BP and may thus be of potential prognostic
value.
Materials and Methods
Patients and control sera Serum samples were obtained from
patients with clinically active BP (n¼ 127), and control donors
Figure 4
Cutpoint determination by receiver operating characteristic (ROC) curves for bullous pemphigoid (BP)230-reactive total IgG. Detection of
serum IgG against the NH2-terminus (BP230-N) and COOH-terminus (BP230-C1 and BP230-C2) of BP230 is shown as ROC curves. Sera of patients
with BP (n¼ 127) and 51 controls were incubated with 0.5 mg of immobilized BP230-N, BP230-C-1, BP230-C-2 proteins. IgG binding was detected
with an alkaline phosphatase (AP)-labeled anti-human IgG ab. Samples were run in duplicate and mean OD reading at 405 nm of a serum sam-
ple with BP230-like recombinant proteins. The solid lines indicate the cut-off values as evaluated by maximization of Youden index.
Table III. Comparison of IgG reactivity against BP180 and/or
BP230 and clinical variant of BP
Auto-ab reactivity
Clinical variant of BP
Controls‘‘Generalized’’ ‘‘Focal’’
BP 180 only 16 5 2
BP 230 only 2 3 14
Both 69 31 1
Neither 1 0 34
Auto-ab, auto-antibodies; BP, bullous pemphigoid.
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which included healthy volunteers and patients with unrelated
conditions (n¼ 51). Patients and volunteers gave written consent
to participate in this study which was adherent to the Declaration
of Helsinki Guidelines and which has been approved by the
institutional review board. Serum samples were stored at 201C
prior to analysis.
Diagnosis of BP was based on the following criteria: (i) typical
clinical presentation with tense cutaneous blisters, (ii) histopatho-
logical evidence of subepidermal blister formation, (iii) linear IgG
and/or C3 deposits at the dermo-epidermal junction of perilesional
skin by direct immunofluorescence.
Severity of BP was classified according to the extent and
number of blisters as either focal disease (only few bullae at limited
areas of the body involving maximum 20% of total body surface) or
generalized disease with total body surface involvement greater
than 20% and wide spread innumerable bullae.
Patient characteristics This analysis includes 127 patients with
BP (39 with focal involvement and 88 with generalized disease) and
51 age- and sex-matched controls with unrelated skin conditions
such as herpes zoster, erysipelas or atopic dermatitis or allergic
conditions. Among the patients, there were 51.1% females, with no
significant difference between the two clinical groups (p¼ 0.85,
Fisher’s exact test). Median age was 80 y (range: 30–101 y), with no
significant differences between the clinical variants (p¼ 0.45,
Wilcoxon–Mann–Whitney test) (Table IV). Furthermore, the duration
of disease (overall median: 1.5 mo) did not differ significantly
between ‘‘generalized’’ and ‘‘focal’’ cases (p¼ 0.99, Wilcoxon–
Mann–Whitney test) (Table IV). Oral mucosa involvement was
observed in three patients with focal and ten patients with
generalized disease, none of which displayed a scaring phenotype
or ocular involvement.
The majority of patients was untreated when the serum samples
were obtained. The few patients under therapy were receiving
various regimens of immunosuppressive drugs and/or local
treatment. They did not preferentially belong to either one of the
defined clinical categories.
Expression and puriﬁcation of BP180 and BP230 recombinant
proteins The recombinant BP proteins were produced as glu-
tathione-S-transferase (GST) and 6xHis tag tagged fusion proteins
in a baculovirus expression system as described below (Fig 1).
cDNA expression constructs for human BP180 and BP230 were
generated as previously reported (Borradori et al, 1997; Skaria
et al, 2000). In brief, cDNAs for BP180 or BP230 were used as
a template to amplify by Pfu DNA polymerase with forward and
reverse primers containing either an EcoR I or a Not I site
the desired target sequence (Stratagene, La Jolla, California). The
amplified cDNA fragments were subsequently subcloned into the
pAcGHLT-A baculovirus transfer vector (Pharmingen, San Diego,
California) by ligation of double-digested PCR fragments into the
correspondingly cut vectors. Correctness of both constructs was
verified by sequencing. pAcGHLT-A vectors were cotransfected
with Baculo-DNA (SixPack, Clontech, Palo Alto, California) into
Sf21 insect cells and recombinant baculoviruses were amplified
using a previously described protocol (Amagai et al, 1994). The
recombinant proteins and the GST/6xHis control protein (gener-
ated by cotransfection of an empty pAcGHLT-A vector) were
expressed in Sf21 cells as previously described (Haase et al, 1998).
BP230- and BP180 recombinant proteins were purified as follows:
3 d after infection, 10  106 baculovirus-infected insect cells were
suspended in 1 mL of 6 M guanidine-hydrochloride, incubated for
24 h at 201C and then centrifuged (2000  g, 15 min). Solubilized
proteins were purified by affinity-chromatography over Nickel–NTA
agarose (Quiagen, Hilden, Germany) using the batch method
according to the manufacturer’s protocol. The BP230 and BP180
recombinant proteins and the GST/6xHis control protein were
purified under denaturing conditions by adding 6 M guanidine-
hydrochloride to the lysis buffer and 8 M urea to washing and
elution buffers. Finally, purified proteins were gradually dialyzed
against PBS supplemented with 8–3 M urea at 41C for 48 h
(BP180ex, GST/6xHis). Affinity-purified proteins were stored in
aliquots at –801C. Protein concentrations were determined by a
commercial kit (DC Protein Assay, Bio-Rad, Munich, Germany)
according to a modified protocol by Lowry. BP180ex, BP230-N,
and BP230-C1/C2 were fractionated by 10% SDS-Page and
visualized by Coomassie staining and western blot with a
monoclonal mouse anti-GST antibody (1:2000, clone GST3-4C,
Zymed, San Francisco, California) to verify molecular weight and
immunoreactivity (Figs 1B and 2B).
ELISA analysis utilizing BP230 and BP180 recombinant
proteins Optimal conditions for the ELISA were established by
Figure 5
Bullous pemphigoid (BP)230 IgG levels in clinical
variants. Total IgG responses against the BP230 recom-
binant proteins were compared between serum samples
from patients with ‘‘generalized’’ versus ‘‘focal’’ BP. Box
plot presentation depicting median, arithmetic mean, and
range from first to third quartile as in Fig 3. BP230-
specific IgG reactivity against all three BP230 recombi-
nants in both generalized and focal BP. Overall, higher,
significantly different IgG levels were observed in
localized BP. Thus, BP230 IgG-reactivity was significantly
associated with the outcome ‘‘focal’’ BP.
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various chessboard titrations. The affinity-purified recombinant
proteins of BP230 and BP180 were immobilized on 96-well
polystyrene plates (Maxisorb Immunoplate, Nunc, Wiesbaden,
Germany) by coating each well with 0.5 mg of BP230-N, BP230-C1,
BP230-C2, and BP180ex, or a molar equivalent amount of the
control protein GST/6xHis in 100 ml of 0.1 M bicarbonate buffer, pH
9.8, at 41C for 5 h. ELISA plates were then washed 5  with TTBS
(TBS pH 7.5 with 0.05% Tween 20; Merck, Nu¨rnberg, Germany)
and blocked for 2 h with 100 ml of 5% skimmed milk powder (MP) in
TTBS at room temperature (RT). BP and control sera were diluted
in blocking-buffer 50-fold and added to the wells in duplicate. After
an incubation period of 12 h at 41C and consecutive washes,
reactions with alkaline phosphatase (AP)-labeled goat anti-human
IgG (g) (1:6000, Kirkegaard and Perry, Gaithersburg, Maryland),
monoclonal biotinylated mouse anti-human IgG1 (1:800, clone
HP6069) or monoclonal biotinylated mouse anti-human IgG4
(1:500, clone HP6025) (both Zymed, San Francisco, California),
were performed in the wells 1–2 h. After incubation of biotinylated
antibodies for 1 h, wells were washed as above and incubated with
streptavidin-AP (ZyMAX, Zymed) diluted at 1:2000 in TBS for 1 h at
RT. After another series of washes, 100 ml of p-nitrophenylpho-
sphate (Kirkegaard and Perry) or the peroxidase substrate 2,20-
azino-bis[3-ethylbenzthiazoline-6-sulfonic acid] (Sigma, Deisenho-
fen, Germany) were added to the wells and optical density (OD)
was measured at 405 nm when a defined patient serum (positive
reference control) reached an OD of 1.0 as determined by a Wallac
1420 microplate reader (Wallac, Freiburg, Germany).
All extinction data were standardized based on the positive and
negative internal standards, which were set to 1 and 0 OD U,
respectively. The background reactivity of IgG to the control protein
GST/6xHis was subtracted from the mean OD values obtained with
BP180-N and BP180-C proteins. For detection of IgG1 and IgG4
reactivity to BP180 and BP230, the GST/6xHis control protein was
not routinely used, because a relevant total IgG reactivity against
GST/6xHis had not been detected in any of the serum samples by
ELISA. To evaluate plate-to-plate variability, each plate included
identical internal controls (two positive serum samples, one control
serum).
Figure 6
(A—D) IgG subclass analysis (IgG1 and IgG4) of bullous pemphigoid (BP)230 and BP180 reactive auto-antibodies (auto-ab). IgG1 and IgG4
auto-ab against BP230 (A–C) and BP180 (D) were compared between the sera from patients with ‘‘generalized’’ versus ‘‘focal BP’’. Box plot
presentation depicting median, arithmetic mean, and range from first to third quartiles as in Fig 3. There was neither a significant correlation for IgG1
or IgG4 reactivity against BP230 (BP230-N; BP230-C1/C2) nor to BP180 (BP180ex) with the outcome ‘‘generalized’’ versus ‘‘focal’’ BP.
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Statistical analysis In view of the skewed distribution of OD
values, which was scarcely amenable to log-transformation, OD
values were analyzed with non-parametric statistical methods, e.g.,
Spearman rank correlation coefficient and Wilcoxon–Mann–Whitney
or Kruskal–Wallis test for overall equality of mean scores. p-values
were adjusted for multiple testing with the Bonferroni method,
values less than 0.05 were considered significant. The distribution of
data is shown as ‘‘box plot’’: The box shows first and third quartiles,
the median (as line) and the arithmetic mean (as dot), the whiskers
represent values below the first quartile and above the third quartile
within the 1.5-fold inter-quartile range, respectively, and outliers
beyond the whiskers are shown as squares. For data analysis, the
statistical software package SAS, version 8.2, was used (SAS
Institute, Cary, North Carolina). Receiver operating characteristic
(ROC) curves were compiled by additionally utilizing a freeware SAS
macro package (Witte, 2002) to evaluate the diagnostic properties of
BP230 and BP180 IgG antibodies with respect to correctly
classifying cases of BP. As there are no ‘‘natural’’ cutpoints for
these antibody levels, and as there are no previous studies which
had provided evidence concerning an appropriate diagnostic
threshold, an ‘‘optimum’’ cutpoint was determined data adaptively
by choosing the OD values with the largest Youden-Index
(YI¼ sensitivityþ specificity1).
For those analyses requiring dichotomization of ELISA results
as positive and negative, BP180 seroreactivity was considered
positive, if the OD value for total against BP180ex was above the
cutpoint (0.207 U) and negative otherwise. BP230 seroreactivity
was regarded as positive, if OD values for either total IgG against
BP230-C1, BP230-C2, or BP230-N were above the cutpoint (Table
I). To assess the independent association between positive BP230
seroreactivity (i.e., any single subclass above cutpoint) and the
diagnosis BP, adjusting for BP180 reactivity as well-established
factor, and age as potential confounder, a polytomous logistic
regression analysis, with the two clinical variants of the disease
versus control as outcomes, was performed. The degree of
association between BP230 seroreactivity on one hand, and
localized and generalized involvement, respectively, on the other
hand, was quantified with the odds ratio (OR), accompanied by the
corresponding 95% confidence interval (CI). Unique non-proprie-
tary reagents described will be made freely available to qualified
scientists.
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